
(12) United States Patent 

US006590415B2 

(10) Patent N0.: US 6,590,415 B2 
Agrawal et al. (45) Date of Patent: Jul. 8, 2003 

(54) METHODS FOR CONFIGURING FPGA’S (56) References Cited 
HAVING VARIABLE GRAIN COMPONENTS 
FOR PROVIDING TIME-SHARED ACCESS U-S- PATENT DOCUMENTS 

T0 INTERCONNECT RESOURCES 5,258,668 A 11/1993 Cliff et al. 326/41 
5,455,525 A 10/1995 H0 @161. ...... .. 326/41 

(75) Inventors: 0m P. Agrawal, Los Altos, CA (US); 5,537,057 A 7/1996 Leong er a1, 326/41 
Bradley A. Sharpe-Geisler, San Jose, 5,598,109 A 1/1997 Leong et a1. ..... .. 326/41 
CA (Us); Herman M, Chang, 5,682,107 A 10/1997 Tavana et al. .. ..... .. 326/41 
cupemno, CAWS); BaiNguyen, San 5,815,003 A 9/1998 Pedersen ................... .. 326/39 

Jose, CA (US); Giap H. Tran, San 
Jose, CA (US) 

(73) Assignee: Lattice Semiconductor Corporation, 
Hillsboro, OR (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 233 days. 

(21) Appl. N0.: 09/841,209 

(22) Filed: Apr. 23, 2001 

(65) Prior Publication Data 

US 2002/0196809 A1 Dec. 26, 2002 

Related US. Application Data 

(63) Continuation-in-part of application No. 09/626,094, ?led on 
Jul. 26, 2000, now Pat. No. 6,380,759, which is a continu 
ation of application No. 09/472,645, ?led on Dec. 27, 1999, 
now Pat. No. 6,150,842, which is a continuation of appli 
cation No. 08/948,306, ?led on Oct. 9, 1997, now Pat. No. 
6,097,212, application No. 09/841,209, which is a continu 
ation of application No. 09/669,186, ?led on Sep. 25, 2000, 
now Pat. No. 6,249,144, which is a continuation of appli 
cation No. 09/212,022, ?led on Dec. 15, 1998, now Pat. No. 

Primary Examiner—Daniel Chang 
(74) Attorney, Agent, or Firm—MacPherson Kwok Chen & 
Heid LLP; Gideon Gimlan 

(57) ABSTRACT 

A Variable Grain Architecture (VGA) is used for synthesiz 
ing from primitive building elements (CBE’s) an appropriate 
amount of dynamic multiplexing capability for each given 
task. Unused ones of such Con?gurable Building Elements 
(CBE’s) are recon?gured to carry out further logic functions 
in place of the dynamic multiplexing functions. 

Each CBE may be programmably con?gured to provide no 
more than a 2-to-1 dynamic multiplexer (2:1 DyMUX). The 
dynamically-selectable output of such a synthesized 2:1 
DyMUX may then be output onto a shared interconnect line. 
Pairs of CBE’s may be synthetically combined to ef?ciently 
de?ne 4:1 DyMUX’s with each such 4:1 multiplexer occu 
pying a Con?gurable Building Block (CBB) structure. Pairs 
of CBB’s may be synthetically combined to ef?ciently 
de?ne 8:1 DyMUX’s with each such synthesized 8:1 mul 
tiplexer occupying a vertically or horizontally-extending leg 
portion of an L-shaped, VGB structure (Variable Grain 
Block). The so-con?gured leg portion of the VGB may then 
output the signal selected by its 8:1 DyMUX onto a shared 
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METHODS FOR CONFIGURING FPGA’S 
HAVING VARIABLE GRAIN COMPONENTS 
FOR PROVIDING TIME-SHARED ACCESS 

TO INTERCONNECT RESOURCES 

This application continues-in-part from US. Ser. No. 
09/626,094, ?led Jul. 26, 2000, now US. Pat. No. 6,380, 
759, Where the latter continued from Ser. No. 09/472,645, 
?led Dec. 27, 1999, now US. Pat. No. 6,150,842, Which 
continued from Ser. No. 08/948,306, ?led Oct. 9, 1997, now 
US. Pat. No. 6,097,212. This application additionally con 
tinues from Ser. No. 09/669,186, ?led Sep. 25, 2000, now 
US. Pat. No. 6,249,144, Which continued from Ser. No. 
09/212,022, ?led Dec. 15, 1998, now US. Pat. No. 6,124, 
730. The disclosures of said applications are incorporated 
herein by reference. 

BACKGROUND 

1. Field of the Invention 

The invention relates generally to integrated circuits hav 
ing repeated logic and interconnect structures provided 
therein. The invention relates more speci?cally to providing 
time-shared access to limited interconnect resources Within 

?eld programmable gate arrays (FPGA’s). 
2a. Cross Reference to Related Applications 

The folloWing co-pending US. patent applications(s) are 
oWned by the oWner of the present application and their 
disclosures are incorporated herein by reference: 

(A) Ser. No. 08/948,306 ?led Oct. 9, 1997 by Om P. 
AgraWal et al. and originally entitled, “VARIABLE GRAIN 
ARCHITECTURE FOR FPGA INTEGRATED CIR 
CUIT ”; 

(B) Ser. No. 08/996,361 ?led Dec. 22, 1997, by Om 
AgraWal et al. and originally entitled, “SYMMETRICAL, 
EXTENDED AND FAST DIRECT CONNECTIONS 
BETWEEN VARIABLE GRAIN BLOCKS IN FPGA 
INTEGRATED CIRCUITS”; 

(C) Ser. No. 08/995,615 ?led Dec. 22, 1997, by Om 
AgraWal et al. and originally entitled, “A PROGRAM 
MABLE INPUT/OUTPUT BLOCK (IOB) IN FPGA INTE 
GRATED CIRCUITS”; 

(D) Ser. No. 08/995,614 ?led Dec. 22, 1997, by Om 
AgraWal et al. and originally entitled, “INPUT/OUTPUT 
BLOCK (IOB) CONNECTIONS TO MAXL LINES, NOR 
LINES AND DENDRITES IN FPGA INTEGRATED CIR 
CUIT ”; 

(E) Ser. No. 08/995,612 ?led Dec. 22, 1997, by Om 
AgraWal et al. and originally entitled, “FLEXIBLE DIRECT 
CONNECTIONS BETWEEN INPUT/OUTPUT BLOCKS 
(IOBs) AND VARIABLE GRAIN BLOCKs (VGBs) IN 
FPGA INTEGRATED CIRCUITS”; 

(F) Ser. No. 08/997,221 ?led Dec. 22, 1997, by Om 
AgraWal et al. and originally entitled, “PROGRAMMBLE 
CONTROL MULTIPLEXING FOR INPUT/OUTPUT 
BLOCKS (IOBs) IN FPGA INTEGRATED CIRCUITS”; 

(G) Ser. No. 09/008,762 ?led Jan. 19, 1998 by Om 
AgraWal et al. and originally entitled, “SYNTHESIS 
FRIENDLY FPGA ARCHITECTURE WITH VARIABLE 
LENGTH AND VARIABLE TIMING INTERCONNECT”; 
and 

(H) Ser. No. 08/996,049 ?led Dec. 22, 1997 by Om 
AgraWal et al. and originally entitled “DUEL PORT SRAM 
MEMORY FOR RUN-TIME USE IN FPGA INTE 
GRATED CIRCUITS”. 
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2 
2b. Cross Reference to Related Patents 
The following US. patent(s) are related to the present 

application and their disclosures are incorporated herein by 
reference: 

(A) US. Pat. No. 5,212,652 issued May 18, 1993 to Om 
AgraWal et al, (?led as Ser. No. 07/394,221 on Aug. 15, 
1989) and entitled, PROGRAMMABLE GATE ARRAY 
WITH IMPROVED INTERCONNECT STRUCTURE; 

(B) US. Pat. No. 5,621,650 issued Apr. 15, 1997 to Om 
AgraWal et al, and entitled, PROGRAMMABLE LOGIC 
DEVICE WITH INTERNAL TIME-CONSTANT MULTI 
PLEXING OF SIGNALS FROM EXTERNAL INTER 
CONNECT BUSES; and 

(C) US. Pat. No. 5,185,706 issued Feb. 9, 1993 to Om 
AgraWal et al. 

3. Description of the Related Art 
As density Within integrated circuits (IC’s) of digital logic 

circuitry increases, and as signal processing speed of such 
logic also increases, the ability to couple respective signals 
to an appropriate kinds of interconnect resource becomes 
more difficult. 

Artisans have begun to recogniZe that conductors of 
different lengths and orientations should be provided for 
servicing different kinds of signals in programmable logic 
arrays. By Way of example, a ?rst class of relatively long and 
relatively loW-resistance conductors are included for broad 
casting common control signals (e.g., clock, clock enable, 
etc.) over relatively large distances of the IC device With 
minimal skeW. Such special conductors are sometimes 
referred to as loW-skeW longlines. 
As a further example, some Wire segments are dedicated 

for transmitting logic input and logic output signals betWeen 
immediately adjacent logic sections Without routing through 
general sWitch matrices. These dedicated conductors are 
sometimes referred to as direct-connect lines. 

At the same time that specialiZed conductors are 
provided, artisans strive to continue to provide ?eld pro 
grammable logic arrays With general-purpose conductors 
and general-purpose routing sWitches for carrying out 
general-purpose, programmable routing of signals. 
With all different kinds of conductors competing for space 

Within the interconnect layers of an IC, the numbers of 
conductors for each kind of specialiZed interconnect 
resource (e.g., longlines) at each location becomes a rela 
tively limited resource. Every signal Within a complex 
design cannot be alloWed to have its oWn dedicated inter 
connect line. If it Were otherWise, the limited interconnect 
resources of the ?eld-programmable array device Would 
soon be exhausted. Fortunately, many designs alloW for the 
transmission of plural signals at different times over a shared 
interconnect line. Such sharing may come in the form of 
time-domain multiplexing or burst-mode operations. 
A number of different circuit techniques have been devel 

oped for alloWing multiple signals to share a same intercon 
nect line. Multiple tristate drivers may be used for example, 
With each tristate driver becoming a line master at a different 
time While the other tristate drivers of the same line go into 
a high-impedance output mode. The line-driving signal of 
that moment then passes Without contention onto the shared 
line through its line-mastering, tristate (three state) driver. 

In an alternative approach, a shared Wire is urged toWards 
a prede?ned logic state by means of a pull-up or pull-doWn 
resistor. An open-drain technology is then used to implement 
a Wired-OR circuit on the urged line. Sharing signals OR 
into the shared line at different times. If desired, a logical 
ORring of simultaneous signals may be carried out on the 
so-driven line. 
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A third approach provides a dedicated multiplexer for 
driving the shared line. At each given time, an appropriately 
desired signal is selected by the dedicated multiplexer for 
output onto the shared line. 

Each of these approaches has draWbacks. Tristate drivers 
tend to consume more circuit area than tWo-state drivers. 
They also generally need specialiZed control circuits for 
controlling their output-enable (OE) terminals so that con 
tention and croWbar currents Will be avoided. Wired-OR 
circuits tend to consume more poWer than purely CMOS 
circuits. Dedicated multiplexers are Wasteful if it happens 
that their full selection capabilities are not utiliZed in a given 
design implementation. 

SUMMARY OF THE INVENTION 

An improved multiplexing scheme in accordance With the 
invention uses a Variable Grain Architecture (VGA) for 
synthesiZing from primitive building elements (CBE’s) an 
appropriate amount of dynamic multiplexing capability for 
each given task. Unused ones of such Con?gurable Building 
Elements (CBE’s) may be recon?gured to carry out logic 
functions in place of dynamic multiplexing functions. 

In one embodiment, each CBE may be programmably 
con?gured to provide no more than a 2-to-1 dynamic 
multiplexer (2:1 DyMUX). The dynamically-selectable out 
put of such a synthesiZed 2:1 DyMUX may then be output 
onto a shared interconnect line. In the same embodiment, 
pairs of CBE’s may be folded-together or synthetically 
combined to ef?ciently de?ne 4-to-1 dynamic multiplexers 
(4:1 DyMUX’s) With each such 4:1 multiplexer occupying 
a Con?gurable Building Block (CBB) structure. The 
dynamically-selectable output of each 4:1 DyMUX may 
then be output onto a shared interconnect line that is drivable 
by the CBB. Pairs of CBB’s may be folded-together or 
synthetically combined in the same embodiment to ef? 
ciently de?ne 8-to-1 dynamic multiplexers (8:1 DyMUX’s) 
With each such synthesiZed 8:1 multiplexer occupying a 
vertically or horiZontally-extending leg portion of an 
L-shaped, VGB structure (Variable Grain Block). The 
so-con?gured leg portion of the VGB may then output the 
signal selected by its 8: 1 DyMUX onto a shared interconnect 
line that is drivable by the VGB leg. 

If desired, intraconnect lines Within each VGB (feedback 
lines) may be used in the same embodiment to ef?ciently 
de?ne 13-to-1 dynamic multiplexers (13:1 DyMUX’s) With 
each such synthesiZed 13:1 multiplexer occupying its 
respective VGB. The so-con?gured VGB may then output 
the signal selected by its 13:1 DyMUX onto a shared 
interconnect line that is drivable by the VGB. 
At each progressive step of synthesiZing larger and larger 

dynamic multiplexers, remaining portions of the con?g 
urable logic may be used for synthesiZing other logic 
functions. Thus the dynamic multiplexers can be variably 
tailored to consume only as much of the logic resources With 
the FPGA as are needed for such multiplexing. 

The 4:1 dynamic multiplexers, 8:1 DyMUX’s and 13:1 
DyMUX’s described here may be synthesiZed Without 
unnecessarily using interconnect resources outside the VGB 
(other than the feedback lines for the 13: 1 DyMUX’s). Thus 
interconnect resources are preserved and ampli?ed by alloW 
ing for time multiplexing of signals onto shared conductors. 

Other aspects of the invention Will become apparent from 
the beloW detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The beloW detailed description makes reference to the 
accompanying draWings, in Which: 
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4 
FIG. 1A provides a schematic diagram for explaining hoW 

the variably-granulatable multiplexing scheme of the 
present invention can be tailored to match the multiplexing 
needs of different designs; 

FIG. 1B provides an example shoWing variably 
granulatable multiplexing for signals sourced on direct con 
nect lines; 

FIG. 2 illustrates an IC device in accordance With the 
invention having a matrix of SVGB structures, surrounding 
interconnect channels, and also embedded memory col 
umns; 

FIG. 3 illustrates an embodiment of one quadrant of a 

SVGB structure; 
FIG. 4 illustrates an MIL ?ngers arrangement in accor 

dance With the invention; 
FIG. 5A is a schematic shoWing tWo primitive, function 

spaWning LUT’s (con?gurable building elements or CBE s) 
in accordance With the invention and the means by Which 
they can be folded-together to synthesiZe higher-order func 
tions; 

FIG. 5B is a schematic shoWing hoW tWo primitive, 
function spaWning LUT’s can be folded-together to synthe 
siZe a four-to-one dynamic multiplexer (4:1 DyMUX); 

FIG. 5C is a schematic shoWing hoW a quartet of less 
primitive, CBB elements (Con?gurable Building Blocks) 
can be combined to synthesiZe an 8:1 DyMUX, a 10:1 
DyMUX, and a 13:1 DyMUX; 

FIG. 6 is a schematic of a Con?gurable Sequential Ele 
ment (CSE) that stores and outputs signals produced by the 
function synthesiZing layers of a corresponding VGB 
(Variable Grain Block); 

FIG. 7A is a schematic shoWing hoW tWo primitive, 
function spaWning LUT’s can be used to ef?ciently synthe 
siZe a 2:1 DyMUX and further, post-multiplexing processing 
logic; 

FIG. 7B is a schematic shoWing hoW plural ones of less 
primitive, CBB’s can be combined to synthesiZe 4:1 
DyMUX’s and further, post-multiplexing processing logic; 
FIG 8 is a schematic shoWing hoW plural ones of VGB’s 

can be combined to provide higher levels of dynamic 
multiplexing therefore; and Which text is derived from page 
38, lines 10—17 of co-pending and cross referenced US. 
application Ser. No. 09/626,094. 

FIG. 9A is a schematic of shared, big drive logic useable 
for each MaxL line driver of a given super-VGB; 

FIG. 9B is a matrix shoWing input and control connec 
tions for one plurality of circuits such as shoWn in FIG. 9A; 

FIG. 9C is a schematic of an alternate shared, big drive 
logic for folding together the resources of 4 VGB’s; and 

FIG. 10 is a schematic of an alternative Con?gurable 
Sequential Element (CSE). 

DETAILED DESCRIPTION 

FIG. 1A provides a schematic diagram of a portion 100 of 
an integrated circuit (IC) device in accordance With the 
invention. IC portion 100 includes a horiZontally-extending 
interconnect channel (HIC) 101 and a vertically-extending 
interconnect channel (VIC) 102. A ?rst sWitchboxes area 
105 is provided at the intersection of HIC 101 and VIC 102. 
The sWitchboxes area 105 includes a plurality of 
programmably-con?gurable sWitchboxes for selectively 
routing signals through the sWitchboxes area. Signals may 
continue along the same linear direction in Which they enter 
the sWitchboxes area 105. Signals may also be routed so as 
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to continue in an orthogonal direction along a conductor 
Within a correspondingly orthogonal interconnect channel. A 
second sWitchboxes area 106 is shoWn provided at the 
intersection of VIC 102 and yet another HIC, 103. The 
second sWitchboxes area 106 is mirror-symmetrical With the 
?rst area 105. 

Each of HIC 101 and VIC 102 includes a same set of 
diversi?ed interconnect conductors. In one embodiment 
these diversi?ed conductors include eight, VGB intra 
connecting feedback lines (FBL’s), 16 direct connect lines 
(DCL’s), eight double-length conductors (2><L’s), four 
quad-length conductors (4><L’s), four octal-length conduc 
tors (8><L’s) and 16 maximum-length conductors (MaxL’s). 
Although not shoWn, each of HIC 101 and VIC 102 further 
includes tWo dedicated clock lines of maximum length. See 
FIG. 3. 

Full explanations of uses for each of the diversi?ed 
interconnect conductors mentioned here (FBL’s through 
MaxL’s) may be found in at least one of the above-cited 
patent applications. In brief, 2><L conductors each extend 
continuously and linearly for a distance of tWo variable grain 
structures knoWn as VGB’s. Similarly, each 4><L conductor 
extends continuously and linearly alongside four VGB’s. 
Most 8><L conductors each extend continuously and linearly 
along eight VGB’s. Each MaxL line extends linearly for a 
maximum distance Within the array. Such MaxL lines are 
also referred to as longlines. Each DCL is a nonlinear 
continuum of conductor that is dedicated for broadcasting a 
signal from a correspondingly dedicated, source VGB to a 
small cluster of neighboring VGB’s. Each FBL is a non 
linear conductor continuum that extends about a respective 
VGB for providing high-speed intra-connections Within the 
VGB proper. 

Each VGB (variable grain block) is provided adjacent to 
at least one HIC or VIC. In one embodiment, four VGB’s are 
Wedged together to de?ne respective and mirror 
symmetrical four corners of a super-VBG structure (SVGB). 
See FIG. 2. Each VGB in this SVGB structure is disposed 
adjacent to one HIC and one VIC of four interconnect 
channels that surround the SVGB structure in mirror 
symmetrical fashion. The SVGB’s are arranged as columns 
and roWs. The HIC’s and VIC’s are also arranged as parallel 
columns and roWs running along the columns and roWs of 
SVGB’s. 

FIG. 1A shoWs a sample VGB 120 disposed Within a 
given VGB column K (VGB COL There are tWo VGB 
columns Within each SVGB column. TWo mirror 
symmetrical VIC’s brace each SVGB column. FIG. 2 shoWs 
a layout at a macroscopic level Wherein 211 de?nes a SVGB 
column braced by VIC’s 0 and 1. More Will be said about 
FIG. 2 beloW. 

Referring still to the more microscopic vieW of FIG. 1A, 
a signal acquisition layer 121 of VGB 120 has ?nger 
structures such as 122 extending orthogonally over HIC 101 
for acquiring signals from a statically-selected subset of the 
Wires in neighboring HIC 101. 

The term ‘static selection’ as used herein refers to selec 
tion processes that occurs during a con?guring phase of 
usage of the FPGA device. In the con?guring phase, con 
?guration memory is programmed to de?ne interconnect 
routings and logic functions in LUT’s (look up tables). 
When the FPGA device is later used during run-time, 
statically-made selections such as signal routings cannot be 
quickly altered. In contrast, ‘dynamic selections’ can be 
freely and quickly altered during run-time. 
From the vieW point of VGB 120, each of the individual 

conductors of the adjacent HIC 101 may be referred to as a 
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6 
HoriZontal Adjacent Interconnect Line or ‘HAIL’. Some of 
these HAIL’s may extend continuously to other VGB’s (not 
shoWn) While others may terminate in the nearby sWitch 
boxes area 105. 

The acquisition layer 121 of VGB 120 provides input 
interfacing With its HAIL’s. Fingers such as 122 of this 
acquisition layer 121 each represent one of a limited plu 
rality of static multiplexers that may be con?gured during 
con?guration-time. The static multiplexers may be used to 
select from the many diversi?ed HAIL’s (56 lines in the 
illustrated example), a subset of such conductors from Which 
signals Will be supplied to VGB 120. Each such static 
multiplexer of FIG. 1A is also referred to by a MIL number, 
Where the MIL is a multiplexer input line on Which the 
statically selected signal appears as it is input into the VGB. 

For purposes of example, open circles are used in FIG. 1A 
to provide an indication of Which HAIL is statically-selected 
by each of the MILfl through MILiS ?ngers. Each such 
MIL ?nger is shoWn having a corresponding and overlap 
ping open circle Within it at the position of its selected 
HAIL. Such internally-holloW circles are also used to rep 
resent programmable interconnect points (PIP’s). The illus 
trated open circles Within the MIL ?ngers of region 121 may 
be thought of as the speci?c PIP’s that have been activated 
for connecting to a speci?c HAIL. More speci?cally in the 
illustrated example, MILi3 is illustrated as connecting to an 
adjacent horiZontal line identi?ed as HAILfl While MILi2 
is illustrated as connecting to another line identi?ed as 
HAILin. The identi?acations of HAILfl through 
HAILin at the left side of FIG. 1A do not correspond With 
the identi?cation of some lines at the right side of FIG. 1A 
as being of different types (2><L, 4><L, etc.). Illustrative 
liberty Was taken to specify tWo different concepts With the 
same schematic symbols. 

There are a limited number, m, of MIL ?ngers (122) of 
each VGB that cross With a given interconnect channel. In 
one embodiment, the integer m is at least six but substan 
tially less than the number of HAIL’s in the adjacent 
horiZontal interconnect channel 101. In an embodiment 
(FIG. 3) that has 56 AIL’s in each adjacent interconnect 
channel, each VGB has sixteen MIL ?ngers crossing With 
each of its adjacent interconnect channels (8 ?ngers per 
CBB). Thus the limited number of m MIL ?ngers operate to 
statically bring into the VGB proper (120) a subset of m 
signals from the greater than m number of adjacent signals 
in the adjacent channel so that the acquired m signals may 
be further processed Within the VGB 120. 

Each VGB contains a set of primitive building blocks 
knoWn as Con?gurable Building Elements (CBE’s). Each 
CBE has at least one, statically-con?gurable lookup table 
(LUT) With at least 3 address-input terminals. Pairs of 
CBE’s may be synthetically-combined or folded-together to 
de?ne a higher level building block knoWn as a CBB 
(Con?gurable Building Block). See element 204 of FIG. 2. 
Details concerning such folding-together operations and 
concerning the structures of CBB’s may be found in at least 
one of the above-cited patent applications. 

Pairs of CBB’s may be further combined or folded 
together to de?ne a yet-higher level building block knoWn as 
a CBB-duet. In one embodiment, the largest building struc 
ture alloWed Within each VBG is a combination of tWo 
CBB-duets-to form a CBB-quartet. It is, of course, Within 
the contemplation of the present invention to alloW for yet 
larger combinations of foldings Within each VGB. 

Each CBE has a certain subset of ?ngers Within MILfl 
through MILim assigned to it for acquiring signals in a 
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transparent decode mode. Each CBE includes a primitive 
lookup table (LUT) having a same number of address input 
terminals. For example, in one embodiment the primitive 
LUT has only three input terminals. In such an embodiment 
MILfl, MILi2 and MILi3 may be assigned for acquiring 
the respective three address input signals of the CBE. 

In FIG. 1A, the one-LUT structure or CBE is shoWn as a 
dashed ?rst box 124. The three address input terminals of the 
LUT provide input signals to a LUT-implemented, 2:1 
dynamic multiplexer (DyMUX) 124a. A programmably 
con?gurable decode layer 123 is provided betWeen acqui 
sition layer 121 and the one-LUT CBE’s such as 124. When 
the intervening decode layer 123 is in a ‘transparent’ or 
pass-through mode, the three acquired signals of MIL ?n 
gers MILi1-MILi3 pass correspondingly to the three 
address input terminals of the primitive LUT. Decode layer 
123 is con?gurable to have other modes, as Will be discussed 
later. 

As mentioned, FIG. 1A illustrates the 3-input LUT of 
CBE 124 to have been con?gured to emulate a tWo-to-one 
(2:1) dynamic multiplexer 124a. Each of the tWo selectable 
inputs of the 2:1 DyMUX 124a can be statically con?gured 
to be inverting or non-inverting. The select terminal 124b 
(de?ned by the third LUT address-inputting terminal) can 
receive signals Which dynamically change during FPGA 
run-time. Thus, the emulated 2:1 multiplexer is a dynamic 
multiplexer (DyMUX). 
VGB 120 may be con?gured such that it contains only one 

2:1 DyMUX 124a While the remainder of the variable grain 
resources Within VBG 120 are used for providing other logic 
functions 127. The other logic functions 127 may include 
other, independent 2:1 DyMUX’s. The choice to do so may 
be made based on the needs of the overall design that is to 
be implemented in the FPGA. 

Alternatively, a larger 4:1 DyMUX 125 may be formed 
Within VGB 120 by folding together tWo CBE’s While the 
remainder of the granulatable logic resources Within VGB 
120 are used for providing other logic functions 127. The 
other logic functions 127 may include other, independent 4: 1 
DyMUX’s or 2:1 DyMUX’s. Again, the choice to do so may 
be made based on the needs of the overall design that is to 
be implemented in the FPGA. 
As yet another alternative, tWo CBB’s may be folded 

together Within VGB 120 to de?ne an 8:1 DyMUX 126 
While a remainder of the granulatable logic resources Within 
VGB 120 provide other logic functions. The other logic 
functions 127 may include other, independent 8:1 
DyMUX’s, 4:1 DyMUX’s, or 2:1 DyMUX’s. 

Implementation of any one or more of the 2:1 DyMUX 
(124), 4:1 DyMUX (125) and 8:1 DyMUX (126) may be 
carried out Without unnecessarily consuming a substantial 
number of conductors in the adjacent interconnect. Thus the 
implemented DyMUX’s may be used to ef?ciently select 
and dynamically multiplex plural signals onto a shared 
interconnect conductor. 

Each so-implemented, 2:1 DyMUX (124), 4:1 DyMUX 
(125) and 8:1 DyMUX (126) may be seen as a synthsiZed, 
N:1 DyMUX Whose selection range, N, has been tailored to 
match the needs of the overall design that is to be imple 
mented in the FPGA. 

The output of each synthesiZed N:1 DyMUX may be 
passed along coupling 131 to a Con?gurable Sequential 
Element (CSE) 135 that belongs to one of the utiliZed 
CBB’s. The CSE 135 includes a programmably-by-passable 
register 135a in Which the output of the N:1 DyMUX may 
be stored. 
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Output signals 136 of the CSE 135 may be routed through 

a set of PIP’s 137 for application to different kinds of 
HAIL’S, including a 2><L line, a 4><L line, a 8><L line, a direct 
connect line (DCL), and a feedback line (FBL). Output 
signals 136 of the CSE 135 may be further routed through 
a another PIP 138 for application to an orthogonally-running 
2><L line of VIC 102. 

Any one or more of the lines driven by CSE 135 may 
become the shared interconnect line to Which different 
signals are selectively applied by Way of the N:1 DyMUX 
(124 or 125 or 126) that has been synthesiZed in the 
encompassing VGB structure 120. (CSE 135 is part of VGB 
120. It is shoWn as being outside so that the concept of 
granularly-variable implementation of the N:1 DyMUX can 
be better illustrated by rectangle 120 and the dashed internal 
rectangles, 124, 125 and 126.) 
The output of the implemented N:1 DyMUX may also be 

passed along coupling 148 to a SVGB shared area 150. Area 
150 is centrally shared Within a SVGB 140 by the encom 
pased VGB’s (variable grain blocks) of that super-VGB 
structure 140. From shared area 150, the coupled signal 148 
may be output through either of longline drivers (tristate 
drivers) 151 and 152 to a corresponding MaxL line in the 
respective HIC 101 or VIC 102. One such MaxL line of VIC 
102 is explicitly shoWn at 154. Line 153 is understood to 
similarly connect to a MaxL line in HIC 101. 

Longline drivers (tristate drivers) 151 and 152 are respec 
tively controlled at their OE terminals by dynamic output 
enabling signals, DyOEih and DyOEiv. These dynamic 
output-enabling signals, DyOEih and DyOEiv, are pro 
vided from shared area 150 for de?ning When respective 
tristate drivers 151 and 152 Will be line masters of their 
respective longlines. It is understood that other SVGB’s 
have similar tristate drivers capble of driving the same 
longlines. 
The plural signals that are statically-acquired by ?ngers 

122 and then multiplexed by the synthesiZed N:1 DyMUX, 
124 or 125 or 126, originate from respective signal sources, 
S1, S2, . . . , Sn. These signal sources, S1, S2, . . . , Sn (also 

identi?ed as 111, 112, . . . , 118) can be any circuits that 

connect to the respective, horiZontal adjacent interconnect 
lines, HAILil, HAILi2, . . . , HAILin. Examples of these 

signal sources, S1, S2, . . . , Sn may include VGB s in the 

same roW as VGB 120 but in different columns (e.g., VGB 
columns 1, 2, J). Thus the same-roW VGB’s Will have 
counteparts to CSE 135 and LLD (longline driver) 151. 
These counterparts can source the original signals onto one 
kind of interconnect resource, say direct connect lines 
(DCL’s). The synthesiZed N:1 DyMUX (124,125, 126) can 
dynamically select one of these sourced signals and direct it 
to another kind of interconnect resource, say a MaxL line. 
Examples of these signal sources, S1, S2, . . . , Sn may 
alternatively or additionally include sWitchboxes such as in 
area 105 that are provided in the same roW as sWitchboxes 
area 105. Further examples of these signal sources, S1, 
S2, . . . , Sn may alternatively or additionally include IOB’s 

and/or embedded SRAM modules (e.g., MLO—MR7 in FIG. 
2). 

The dynamically multiplexed output does not have to be 
returned to the same channel from Which the source signals 
S1, S2, . . . , Sn came. Instead it could be directed to an 

orthogonal channel such as Would be the case if the dynami 
cally multiplexed output takes path 148 through area 150, 
through LLD 152 to MaxL line 154. Alternatively, the 
dynamically multiplexed output could be directed to a 
spaced-apart, parallel channel such as Would be the case if 


























